Conservation related conflicts in nest-site selection of the Eurasian Kestrel (Falco tinnunculus) and the distribution of its avian prey  by Sumasgutner, Petra et al.
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 i g  h  l  i  g  h  t  s
The  city  of  Vienna,  Austria,  has a large  urban  Eurasian  kestrel  population.
Kestrels  prefer  breeding  in  roof-openings  on historical  buildings  in  the center.
Kestrels  seem  to  hunt  in  their  immediate  surroundings,  like  backyards  and  city  parks.
A  high  proportion  of avian  prey  negatively  inﬂuences  breeding  success.
The  choice  of  the  urban  habitat  is  associated  with  reduced  reproductive  rates.
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a  b  s  t  r  a  c  t
The  urban  space  is  a permanently  changing  ecosystem,  suffering  from  decreasing  biodiversity,  but also
providing  new  anthropogenic  habitats  for some  adaptable  species.  The  Eurasian  kestrel  (Falco  tinnuncu-
lus)  is  such  an adaptable  species,  whose  dense  urban  populations  are  ethologically  different  from  rural
populations  in  Europe.  Several  studies  have  indicated  that  urban  kestrels  increasingly  prey  on birds;  this
study  even  indicated  avian  prey  as  the main  prey  category  in the  inner-city  habitat.  We  analyzed  the
selection  of habitat  and  building  structure  parameters  while  controlling  for  differences  in their avail-
ability  in  Vienna,  Austria,  a city  of  1.7  million  inhabitants.  We  then  connected  the  nest-site  selection  of
urban  kestrels  to their  diet choice  and  annual  reproduction  rate. Our  results  indicated  a  trade-off  between
higher  nest-site  availability  in  the  center  and  longer  distances  to larger  open  green  space  as  optimal  for-
aging  ground.  Between  2010  and  2012,  a preference  for breeding  in close  vicinity  to  green backyards
was  linked  to  earlier  clutch  dates,  higher hatching  rates  and  larger  ﬂedged  brood  sizes,  but  the  overall
productivity  per  nest  still  remained  low  in the  center  compared  to  the  suburban  area.  In  a survey  of avian
prey species,  we  found  comparable  abundances  of  prey-sized  bird  species  in  green  backyards,  parks  and
surrounding  suburban  areas.  We  thus  hypothesize  that  kestrels  use the  immediate  nest-surroundings  to
hunt, but  are not  as efﬁcient  in  hunting  avian  prey  as  they  are  in  hunting  voles.  Changes  in modern  city
architecture  and renovation  of  historical  buildings  pose conservation  related  threats  to  urban  predators
and prey.
© 2014  The  Authors.  Published  by  Elsevier  B.V. This  is  an  open  access  article  under  the  CC  BY-NC-ND. IntroductionThe urban space is a permanently and rapidly changing ecosys-
em (Magle, Hunt, Vernon, & Crooks, 2012) characterized by
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progressive impervious surfaces, lower proportions of green space
and the conversion of original vegetation or farmland to parklands
or backyards (Er, Innes, Martin, & Klinkenberg, 2005). Although
many bird species decline once an area is urbanized, other species
take advantage of the opportunities and the altered patterns of
predation and competition that accompany a shift in assemblage
composition (Catterall, 2009). Several raptors beneﬁt from urban-
ization, with over 25 species living in urban settings (Love & Bird,
2000), although in general species richness of carnivores tends
to decrease in urbanized areas (Reis, López-Iborra, & Pinheiro,
2012). Some specialized diurnal raptors suffer from increasing
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Fig. 1. Nest-sites of Eurasian kestrels (Falco tinnunculus) in Vienna in 2010 (blackP. Sumasgutner et al. / Landscape 
rbanization, while generalists are less affected and even thrive
Sorace & Gustin, 2009). Particularly species with smaller home
anges cope well with habitat reduction, whereas raptors with large
ome ranges are more negatively affected, although some species
espond with higher reproductive success to urban environment
Bird, Varland, & Negro, 1996). This is linked to their ability to utilize
rtiﬁcial nest-sites, for example buildings (Chace & Walsh, 2006).
owever, it is unclear to which extent young birds raised in artiﬁcial
est-sites are imprinted to these (Kleinstäuber, Kirmse, & Sömmer,
009) and to the urban nesting habitat, since settlement in natal-
ike habitat may  explain maladaptive habitat selection in some
pecies (Piper, Palmer, Banﬁeld, & Meyer, 2013). Human activi-
ies affecting nest-sites, for example changes in architectural style,
ould negatively affect individual survival or even the whole breed-
ng population. Consequently, currently common and well-adapted
aptor species that prefer buildings as nest-sites in metropolitan
reas may  come under threat in the future (e.g. Mikula, Hromada
 Tryjanowski, 2013).
One fairly common and adaptable raptor species is the Eurasian
estrel (Falco tinnunculus Linnaeus, 1758). It is an excellent model
or an urban top-predator. Predators are an integral part of any
cosystem; a diverse predator community may  indicate a healthy
cosystem (Sorace & Gustin, 2009). Plus, the kestrel can be used
s ‘ﬂagship’ species to inspire public interest and goodwill for con-
ervation action. The kestrel has presumably been associated with
ities and humans for as long as they have existed; the ﬁrst docu-
ents of urban kestrels date from 19th century London (Cramp &
omlins, 1966). Although a number of studies about breeding biol-
gy and diet were conducted in the last decades, e.g. in Munich
Kurth, 1970), Prague (Plesník, 1991), Bratislava (Darolová, 1992),
ome (Salvati, Manganaro, Fattorini, & Piattella, 1999), Warsaw
Rejt, 2001) and Berlin (Kübler, Kupko, & Zeller, 2005), many ques-
ions about architecture dependent nest-site quality associated
ith breeding and feeding ecology remain unresolved. Compared
o rural kestrels, urban populations may  also be behaviorally and
ven genetically different (Riegert, Fainová, & Bystrˇická, 2010;
utkowski, Rejt, & Szczuka, 2006). For example, recent studies indi-
ate that kestrels in larger Central European cities increasingly
eed on birds (Kübler et al., 2005; Piattella, Salvati, Manganaro, &
attorini, 1999).
Due to the inability of falcons to build a nest platform, the avail-
bility of suitable nest-sites seems to be a limiting factor to their
reeding occurrence (Newton, 1979). The most commonly used
ites are abandoned stick-nests of other bird species in trees and
edges on buildings. Any structure that provides protection from
redators, is sheltered and can hold eggs is a potential nest-site
Village, 1990); this includes attics or window-boxes in high-rise
ats (Charter, Izhaki, Bouskila, Leshem, & Penteriani, 2007). In other
ities, kestrels face a diminishing number of nest-sites on build-
ngs due to widespread refurbishment works; making artiﬁcial
est-boxes increasingly important (Mannan et al., 2000). For con-
ervation of kestrel populations, one must understand costs and
eneﬁts of urban breeding, like higher nest-site availability and
ower predation risk versus more remote foraging grounds (Riegert,
ainová, Mikesˇ, & Fuchs, 2007; Tella, Hiraldo, Donazar-Sancho, &
egro, 1996) and the risk of collisions with windows and vehicles
Chace & Walsh, 2006). To date, several studies on urban kestrels
ave reported higher breeding success (overview in Charter et al.
2007) with the exception of Kübler et al. (2005) and Sumasgutner,
renn, Düesberg, Gaspar, & Gamauf (2013)).
In Vienna, Austria, the estimated population density of 60–96
reeding pairs (bp)/100 km2 (Wichmann, Dvorak, Teufelbauer, &
erg, 2009) is high compared to other large European cities with
stimates between 23 and 55 bp/100 km2 (Kübler et al., 2005;
alher, Lesaffre, Zucca, & Coatmeur, 2010). Recently detected
ifferences in annual reproduction rates showed a substantiallydots, n = 251) located within the deﬁned urban study area (243 km2, soil sealing >1%,
light  gray) and random points (gray triangles, n = 240).
higher rate of nest failure, mostly associated with nest desertion
and predation, in the city center. These differences in the breed-
ing system clearly called for further investigation. In this paper, we
aim to analyze habitat and nest-site characteristics which could
be related to lower breeding success in the center. For this purpose
we compare landscape composition and the speciﬁc building struc-
ture chosen by kestrels to randomly selected areas and random
buildings to (1) identify habitat and nest-site parameters attract-
ing kestrels to inner-city areas. We  further test the inﬂuence of (2)
habitat and nest-site features on breeding success. Diet analyses of
urban breeding kestrels in our previous work further highlighted
the importance of avian prey as an alternative to small mammals
(Sumasgutner et al., 2013). Therefore, we investigated (3) the abun-
dance of avian prey in different urban habitat types relating to
breeding success. Finally we discuss (4) conservation strategies to
be derived from kestrels’ preferences in the urban environment.
2. Materials and methods
2.1. Study area and study design
The study was  performed in Vienna, Austria (48◦12′ N, 16◦22′
E; 415 km2), a city of 1.7 million inhabitants. Vienna is known as
a green city; about 49% of its surface is unsealed soil (Berger &
Ehrendorfer, 2011). We  deﬁned the urban area as landscape with
>1% impervious surfaces (size of urban study area 243 km2, scale
1:7500, resolution 15 cm,  Fig. 1). We  used historical (from the year
1775, Berger & Ehrendorfer, 2011) and recent land allocation maps
(provided by the Environmental Protection Bureau of Vienna, digi-
tized in 55 categories of land utilization between 2007 and 2010) to
deﬁne three urban zones: the city center (C – the old town in 1775,
recent impervious surfaces of >75%), the mixed zone (MZ  – parts
of the old town in 1775 located along the green riverside and sur-
rounding former cultivated landscapes, recent impervious surfaces
of 45–75%) and the suburban area (SA–recent outskirts of Vienna
with impervious surfaces of <45%), and assigned each nest-site to
one of these zones (Supplementary Material 1). The proportion of
impervious surfaces was  calculated for r = 500 m around the nest-
sites using ArcGIS 10 by ESRI© based on building densities and
trafﬁc areas.
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Supplementary material related to this article can be found,
n the online version, at http://dx.doi.org/10.1016/j.landurbplan.
014.03.009.
.2. Field work
.2.1. The urban kestrel population
An effective and cost-efﬁcient way to ﬁnd an adequate sam-
le size of nest-sites was to employ the help of the general public.
 media relations campaign issued a public call to report kestrel
est-sites in the city between 2010 and 2012. Additionally, 31
rnithologists involved in the breeding-bird survey (see below)
nd the authors PS and AG systematically searched for nests. We
onﬁrmed the occupation of reported nest-sites through personal
bservations during pair formation and courtship. During the study
eriod (2010–2012) we built a data-base with 451 recent nest-
ites; between 50 and 65% of the nests being occupied each year.
Those nests accessible via the attic or by fac¸ ade and tree
limbing were monitored 4–6 times during each breeding sea-
on in 2010–2012 to determine (1) laying date, (2) clutch size,
3) number of hatched offspring and (4) number of ﬂedged young.
hese detailed breeding parameters were available for 157 nests.
he nestlings were measured, weighed and banded (ring from
adolfzell Ringing Center, Germany).
Hatching rate was deﬁned between 1 if all eggs of the clutch
atched and 0 if no egg hatched, with the according values in
etween. The ﬁnal inspection was conducted in the last week of the
estling period (between 24 and 30 days after hatching). Hence, the
edged brood size was the number of nestlings at week 4. We  con-
idered pairs successful if they produced at least one 28-day-old
hick (Village, 1990).
The urban kestrel data set also covered the nearest-neighbor-
istances (NND, distance the nearest occupied nests in m)  for the
hole study period. Beside the detailed ﬂedged brood sizes men-
ioned above we further knew for 2010 and 2011 the breeding
utcome of occupied nests, quantiﬁed as successful (at least one
edged young) or failed.
.2.2. Breeding-bird survey
Between 2010 and 2011 a ﬁeld survey determined the abun-
ance of potential avian prey for urban breeding kestrels. To capture
he relative abundance of the bird population in both years, a team
f 31 ornithologists monitored 33 point-count-transects (Supple-
entary Material 2).
Supplementary material related to this article can be found,
n the online version, at http://dx.doi.org/10.1016/j.landurbplan.
014.03.009.
Transects were sampled twice annually using the standard
ethod of 5 min  point-count-units (Bibby, Burgess, Hill, & Mustoe,
000) with early morning counts under stable weather conditions.
he ﬁrst sample period coincided with the beginning breeding sea-
on (calendar week 17–18 in April), the second with the kestrels’
estling period (calendar week 22–23 in June). Each transect
onsisted of 12–20 points (distributed along 3.6–6 km), spaced
venly every 300–500 m.  During monitoring, each detected bird
ithin 50 m from the point (see Newell et al., 2013 for effective-
ess of the method) was identiﬁed at species level by voice or
ight. We  ensured that the bird count points were distributed across
he following habitat types to characterize the previously deﬁned
rban study area: city center (C – impervious surfaces of >75%, = 374 point-count-units), green backyard (B – size between 0.1
nd 0.25 ha, n = 259) and park (P – size between 0.35 and 600 ha,
 = 267). In the outskirts we additionally separated gardens (G,
 = 427) and forests (F, n = 184).ban Planning 127 (2014) 94–103
2.3. Video monitoring
The number of prey individuals found in kestrel pellets can
misrepresent the percentage of certain prey categories being com-
pletely digested (Trierweiler & Hegemann, 2011). Since vertebrate
bones and invertebrates cannot be adequately identiﬁed by analyz-
ing pellets, a quantitative assessment of diet composition is hardly
possible. We therefore installed video-monitoring systems at three
different nest-sites (one located in the C with 86% impervious sur-
faces in 2011, one in the MZ  with 74% in 2010 and one in the SA with
35% in 2011). The cameras inside the brood-niche ﬁlmed the feed-
ing process (Navigator Super Wireless mini-camera, with infrared
lighting and radio transmission to an external storage volume) con-
tinuously recording (software GO1984) the whole nestling period
(19 days between June 19 and July 7 in 2010 and 40 days between
May  20 and July 3 in 2011). The biomass [g] of identiﬁed prey
individuals was calculated based on Arroyo (1997) and Glutz von
Blotzheim and Bauer (1980).
2.4. Habitat analyses
First we  investigated the correlation between nest attempts
and landscape composition and building structure variables, and
second between nest success and landscape composition, build-
ing structure and NND. For this purpose we  selected 240 random
points (Fig. 1), allowing us to study habitat and nest-site selection
while controlling for differences in habitat and nest-site availabil-
ity (sensu e.g. Sergio, Scandolara, Marchesi, Pedrini, & Penteriani,
2005; Tanferna, López-Jiménez, Blas, Hiraldo, & Sergio, 2013). We
placed a 500 m × 500 m grid over the study area map  and randomly
selected 240 crossings points (only considering those with >1%
impervious surfaces within a radius of 500 m)  as ‘random points’
used in habitat analyses. The sample size of 240 was chosen because
it was the number of then known nest-sites to ensure an equal
sample size of random points and nest-sites.
2.4.1. Landscape composition and habitat analyses
The habitat was  deﬁned as the area within a radius r = 500 m
(78.5 ha) around the nest-site and the random points. Twelve dif-
ferent land use parameters were used to describe the relative
composition of urban habitat: building areas, green back-
yards, lawns and meadows, agricultural land (‘ﬁelds’), woodland
(‘forests’), cemeteries and vineyards, as well as the distance from
the nest-site to the nearest open green space (in four size cate-
gories: >1 ha, >0.5 ha, >0.25 ha, ≥0.01 ha). Occupied nest-sites were
compared to 240 random areas (hereafter ‘RA’, in r = 500 m around
each random point). The scale of 500 m was chosen because it was
the mean NND between kestrel nests over the whole urban study
area and period. We  do not have data on home range sizes of urban
breeding kestrels in Vienna, but the chosen 78.5 ha were compara-
ble to the size of kestrel hunting areas reported from the cities Kiel,
Germany (Beichle, 1980; range of 90–310 ha) and Cˇeské Budeˇjovice,
Czech Republic (Riegert, 2007; range of 80–2500 ha).
2.4.2. Building structure and nest-site analyses
The random points resulted further in 478 randomly selected
buildings (hereafter ‘RB’) for structure analyses. In most cases, the
random point was  located close to, but not exactly on a single
building. Therefore we sampled each building adjacent to this point
(between 1 and 4 buildings) – to avoid the sampling effect of unwit-
tingly making a biased choice of one of the potential buildings. Data
acquisition for both the actual nest-sites and the random buildings
was done on-site, describing the immediate surroundings using
eight variables: (a) building type (based on construction period:
new building – built since 1945; old building – built before 1945;
promoterism building – built between 1848 and 1873; magniﬁcent
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uilding – older than 19th century; school; council ﬂat; church;
amily home), (b) orientation of nest-site or random building
oward the observer, (c) height (m;  we used the height of the attic
s hypothetical ‘nest height’ variable since 62% of actual nest-sites
ere located at this level) and (d) fac¸ ade structure (richness of
tucco work: none, low, middle, high). Additionally, we  counted
vailable cavities as (e) the number of roof openings and (f) other
iche structures. Roof openings are a speciﬁc architectural ele-
ent in the historic districts (on old and promoterism buildings)
f Vienna. The openings are located between the last row of win-
ows and the roof, and measure between 24 and 62 cm in width,
6–50 cm in depth and 24–48 cm in height. We further recorded
g) the number of apartment conversions of attics of historic build-
ngs to factor in the loss of brood niches due to this advancing
rend. Finally, we noted (h) the presence or absence of green back-
ards as potential hunting ground in the immediate surroundings.
t all accessible nest-sites, we additionally measured the size of
he breeding-niche to calculate the available space (ground area
nd volume) for the brood.
.5. Statistical analyses
We  used generalized linear models (glm) and generalized lin-
ar mixed models (glmm)  with the R package “lme4” (Bates &
aechler, 2009), depending on the necessity of including the site
D and the study year as random factors. The error distribution
as chosen according to the type of response variable: Binomial
istribution and logit link function for occupation, successful vs.
ailed nests and the ratio of hatched offspring, Gaussian distribution
nd identity link function for laying date and Poisson distribution
ith log link function for clutch size and ﬂedged brood size. When
uilding glms and glmms, all explanatory variables were ﬁtted to
 maximal full model and simpliﬁed using backward elimination
ased on likelihood-ratio test and F-Statistics (Chisq-Statistics for
odels with binomial or Poisson error structure) and with P<0.05
s the selection criterion (“drop1”-function in R) until reaching
he minimum adequate model. Assumptions of all models were
hecked on the residuals of the ﬁnal model. At each step, we  cal-
ulated the AICc (Akaike Information Criterion corrected for small
ample size), and considered as ﬁnal model the one with the lowest
alue (Burnham, Anderson, & Huyvaert, 2011). We  present details
n the stepwise procedure with AICc, AICcand according model
eights (ωi) as Supplementary Material 4–5. All statistical analyses
ere performed with the software R version 3.0.2 (R Development
ore Team 2013), unless stated otherwise.
Supplementary material related to this article can be found,
n the online version, at http://dx.doi.org/10.1016/j.landurbplan.
014.03.009.
.5.1. Occupation, breeding success and landscape composition
arameters
Habitat differences between actual nest attempts (occupation
ata 2010–2012, n = 736) and random areas (n = 240), and between
est success vs. failure (2010 and 2011, n = 534) were evaluated
ith glmms, including the site ID and study year as random fac-
ors. The inﬂuence of landscape composition parameters on ﬂedged
rood sizes (breeding data 2010–2012, n = 157, presented for each
tudy year separately) was analyzed with glms. In advance, we
educed macro-habitat variables by principal component analysis
PCA) with Varimax-rotation, due to multi-collinearity of land-
cape composition parameters. The Kaiser–Meyer–Olkin measure
f sampling adequacy (KMO) indicated that our data were suitable
or PCA (n = 12, KMO  = 0.86; Bartlett-test for sphericity, 2 = 6 676,
 < 0.001, Budaev, 2010). The PCA produced four principal compo-
ents (PC1-4, Supplementary Material 3) with an Eigenvalue of ≤1,
xplaining 74.9% of the variance. The full model included PC1-4ban Planning 127 (2014) 94–103 97
for occupation together with NND for nest success vs. failure and
ﬂedged brood sizes.
Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.landurbplan.
2014.03.009.
2.5.2. Breeding performance and nest-site parameters
First we  tested whether the distribution of nest-sites signiﬁ-
cantly differed from the distribution of random buildings. Nest-site
selection in structural variables was analyzed using Pearson
2-tests. In the Pearson statistic, the 2-value [= (observed-
expected)2/expected] is compared to a 2-distribution with m − 1
degrees of freedom, where m is the number of categories tested
(e.g. number of building types, etc.). The critical P value of 0.05 in
all 8 tests in 36 variables was adjusted using Bonferroni correction,
i.e. P = 0.05/44 = 0.0011. Second, since the Pearson statistic does
not determine preference or avoidance of individual categories,
we calculated 100 (1 − ˛)% simultaneous conﬁdence intervals for
the difference between nest-sites and RBs in each structure vari-
able class (z-value = 3.285,  ˛ = 0.00051; see Marcum & Loftsgaarden,
1980 for details on the statistical method used).
To identify building structure variables inﬂuencing breeding
time (laying date) and breeding parameters (clutch size, ratio of
hatched eggs and ﬂedged brood size), we performed glmms  with
site ID and study year as random factors. The full model included
the following variables, provided that they were signiﬁcant in single
term comparisons: all building structure variables except attic con-
version (see point 2.4.2), nest-type (building-cavity, fac¸ ade-nest,
window-boxes, nest-box and tree-nest), ground area and volume
in cavity-broods, the urban zone (C, MZ and SA), distance to the
nearest open green space (size categories: >1 ha, > 0.5ha, > 0.25 ha,
≥0.01 ha) and NND.
2.5.3. Distribution of avian prey
To analyze the importance of birds as potential prey for
kestrels, we pooled the species known to appear in kestrel pel-
lets (Sumasgutner et al., 2013) into three size-classes (according
to their biomass): size 1 – sparrow, size 2 – thrush, size 3 –
pigeon. We  excluded corvids and other large birds from the
analysis, as they are not viable prey. We  only included data
from census points sampled twice in April and June in both
years by the same person (n = 209 census points). To assess
differences in the prey size composition between urban habi-
tat types, a dissimilarity-among-sites matrix was developed,
using Bray–Curtis dissimilarities based on the mean number
of bird individuals of each size-class observed at each cen-
sus point (sensu White, Antos, Fitzsimons & Palmer, 2005). The
resulting study site matrix formed the basis for further anal-
yses in Primer 5.2 (Clarke & Gorley, 2001). To test whether
size-class composition differed between urban habitat types,
we performed a one-way ANOSIM (Clarke & Warwick, 2001),
with 999 random permutations on the similarity matrix for
pooled data and for the spring and summer surveys separately.
Glms (normal error distribution; log-link function) were calcu-
lated separately for each of the three bird size classes to test
for effects of habitat, season and year (including all interac-
tion terms) on the abundance of avian prey (Supplementary
Material 6).
Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.landurbplan.
2014.03.009.2.6. Ethical note
The study was performed under license from the Environ-
mental Protection Bureau of Vienna (MA22/1263/2010/3) and the
98 P. Sumasgutner et al. / Landscape and Urban Planning 127 (2014) 94–103
Table 1
Dependence of occupation on the principal component scores of macro-habitat variables shown by glmms  with binomial error structure and a logit function. Note that site
ID  and study year were used as random factors.
Occupied macro-habitats (2010–2012, n = 736) vs. random areas (n = 240) Estimate SE Z-value Pr(>|z|) Sign.
PC1 2.60 1.24 2.09 0.0363 *
PC2  −3.03 2.35 −1.29 0.1985 NS
PC3  5.83 2.33 2.51 0.0123 *
PC4  1.94 2.68 0.73 0.4683 NS
S
e
(
3
3
b
a
a
i
n
s
a
(
o
d
u
2
n
t
o
t
3
u
s
f
b
g
h
(
T
D
m
f
S(Intercept) 
igniﬁcance codes: **0.01, *0.05, NS, not signiﬁcant.
thics committee of the University of Veterinary Medicine, Vienna
BGBI.Nr.501/1989i.d.g.F.).
. Results
.1. Habitat use and habitat availability
Nest-sites of F. tinnunculus are located in areas characterized
y higher building densities, higher numbers of green backyards
nd longer distances to open green space, but higher percent-
ge of ﬁelds and lower forest cover compared to random areas
n Vienna: The glmm testing for effects of the principal compo-
ents (ﬁnal model including PC1-4) combining 12 habitat variables
hows a signiﬁcant effect of PC1 (high factor loadings on vari-
bles correlated with building density and green space) and PC3
high factor loadings on variables correlated with ﬁelds and forest)
n nest-site selection (Table 1; see Supplementary Material 3 for
etails).
The glmm for discriminating between nest success vs. fail-
re (binomial error distribution; logit-link function; data set
010–2012) did not indicate any explanatory capacity of PC1-4 and
earest-neighbor-distances (non-signiﬁcant results not shown). Of
he breeding pairs, 43% were unsuccessful, failing to ﬂedge at least
ne young, with signiﬁcantly more failures in the city center (n = a
otal of 56 nests failed; Fisher’s Exact test: P = 0.02).
.2. Landscape composition and ﬂedged brood size
Fledged brood sizes in all years were predicted by higher val-
es of PC3 (Table 2), indicating higher ﬂedging success at sites
urrounded by ﬁelds but low forest cover. In 2012 we  further
ound nests having lower ﬂedging success in areas with higher
uilding densities, higher percentage of green backyards and at
reater distances from larger open green space (all variables with
igher factor loadings on PC1), which is typical for the city center
Table 2).
able 2
ependence of ﬂedging success (value 0–6) on the principal component scores of
acro-habitat variables shown by glms with poisson error structure and a logit
unction.
Variable Estimate SE Z-value P-value Sign.
2010 (n = 36)
PC3 0.38 0.15 2.55 0.0109 *
(Intercept) 0.51 0.15 3.31 0.0009 ***
2011 (n = 52)
PC3 0.19 0.11 1.78 0.0746 •
PC4 0.28 0.15 1.89 0.0590 •
(Intercept) 0.87 0.10 8.60 <0.0001 ***
2012 (n = 69)
PC1 −0.13 0.05 −2.77 0.0057 **
PC3  0.15 0.09 1.66 0.0961 •
(Intercept) 1.20 0.09 13.59 <0.0001 ***
igniﬁcance codes: ***0.001, **0.01, *0.05, •<0.1.9.05 3.24 2.80 0.0052 **
3.3. Nest-site choice and nest-site availability
Nest-site monitoring in 2010 resulted in 251 breeding pairs (bp)
within the urban study area with exact location of the nest-sites
known (Fig. 1). In 2011, we located 297 bp and in 2012 we located
215 bp; this results in a breeding pair density ranging between
88.5 and 122.2 bp/100 km2 in urbanized areas of Vienna. We  found
kestrels predominantly breeding on buildings (76.7% of full data-
base with 451 different recent nest-sites), where they primarily
used roof openings (44.3%), other niche structures (12.0%) or corvid
nests on the fac¸ ade (8.2%). Secondly, they used abandoned nests on
trees (20.2%). Nest-boxes played a minor role (5.5%), as there is
no organized nest-box program currently implemented. Window-
boxes were rarely used as nest-sites (6.7%). Therefore kestrels
in Vienna are predominantly cavity breeders (61.9% of nest-sites
located in enclosed niche structures), particularly in the center.
During the study period, a total of 27 nest-sites (8.8%) were lost
due to building renovations.
In ﬁve out of eight nest-site-related structure parameters, signif-
icant differences to random buildings were found after Bonferroni
correction to P≤0.0011 (Fig. 2). Kestrels use most building types
for nesting relative to their availability in the city (Fig. 2a). Most
kestrels nest in old buildings (45.7% used, 57.9% available) and
buildings from the period of promoterism (13.9% used, 11.1%
available). Kestrels signiﬁcantly avoid new buildings and family
homes as nest-sites. No signiﬁcant selection of a certain ori-
entation was found (Fig. 2b). Most nest-sites were located in
a height of 16–21 m (Fig. 2c, 40.9%). Signiﬁcantly fewer nests
were found in the height category 12–16 m, which is the pre-
dominant height class available (36.0%). No signiﬁcant preference
for a certain type of fac¸ ade structure was found (Fig. 2d). Roof
openings (Fig. 2e) and other niche-structures (Fig. 2f) positively
affected the occurrence of breeding attempts. Kestrels particu-
larly use roof openings for nesting (40.9% of all nests, 59.9%
of nests on buildings), underlining their dependence on their
accessibility or on the availability of other niche-structures. We
did not ﬁnd an effect of attic conversion on kestrels breed-
ing on buildings (Fig. 2g). Kestrels signiﬁcantly prefer breeding
in the vicinity of green backyards and avoid sites without
(Fig. 2h).
3.4. Building structure and breeding performance
Between 2010 and 2012 we  examined the nestlings of 157
breeding pairs. Laying dates were earlier in cavities facing south.
We further found earlier laying dates in proximity to minor green
space (≥0.01 ha, Table 3a). All breeding parameters signiﬁcantly
decreased with later laying dates (Table 3b). Clutch sizes were
smaller in crow-nests on fac¸ ades, but slightly larger on buildings
bordering a green backyard. Further, hatching rates and ﬂedged
brood sizes were signiﬁcantly higher at nest-sites located close to a
yard. Fledged brood sizes were smallest in the inner-city habitats.
Less young successfully ﬂedged in crow-nests on fac¸ ades, more in
nest-boxes. In cavity breeders, we  found no signiﬁcant relation-
ship between clutch sizes and ground area [cm2] of the brood niche
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Fig. 2. Comparison of Eurasian kestrel nest-sites in 2010 (black bars, left side) and random buildings (white bars, right side) using Pearson 2-tests and simultaneous
conﬁdence intervals. The number of nest-sites is expressed in %frequency (2-values and probabilities are presented, Bonferroni corrected signiﬁcance level: P-values
<0.0011 are indicated with *). In each category, differences between the proportion of nest-sites and the proportion of random buildings are expressed by the terms:
preference (+), no effect (=), avoidance (−).
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Table 3
Dependence of (a) breeding time and (b) breeding parameters (2010–2012, n = 157) on building structure parameters as ﬁxed effects (manual backward stepwise elimination
procedure) in a generalized linear mixed model (glmm). We  included the nest-site ID and the study year as random factors. Only the minimum adequate models are shown.
(a) Breeding time Estimate SE T-value Pr(>|t|) Sign.
Laying date (n = 148)
Exposition N −2.82 4.28 −0.66 0.5112 NS
S  −7.76 3.15 −2.46 0.0160 *
W  −1.06 3.52 −0.30 0.7634 NS
Distance (m)† to green space (≥ 0.01 ha)† 6.91 2.29 3.02 0.0033 **
(Intercept) 29.00 3.57 8.12 <0.0001 ***
(b)  Breeding parameter Estimate SE Z-value Pr(>|z|) Sign.
Clutch size (n = 129)
Laying date‡ −0.01 0.00 −2.56 0.0106 *
Brood in crow-nests (on the fac¸ ade) −0.33 0.14 −2.33 0.0200 *
(Intercept) 1.58 0.04 36.48 <0.0001 ***
Ratio  of hatched eggs (n = 157) Estimate SE Z-value Pr(>|z|) Sign.
Laying date‡ −0.04 0.01 −2.85 0.0043 **
Presence of green backyard 0.94 0.36 2.63 0.0085 **
(Intercept) 0.08 0.27 0.29 0.7731 NS
Fledged brood size (n = 148) Estimate SE Z-value Pr(>|z|) Sign.
Laying date‡ −0.01 0.00 −3.11 0.0019 **
Urban zone Mixed zone −0.38 0.17 −2.29 0.0220 *
Suburban area 0.10 0.19 0.53 0.5988 NS
Exposition N 0.35 0.20 1.75 0.0809 •
S 0.18 0.14 1.32 0.1857 NS
W  −0.15 0.17 −0.86 0.3903 NS
Nest-type Crow-nest on the fac¸ ade −0.57 0.32 −1.77 0.0760 •
Nest-box 0.33 0.19 1.77 0.0775 •
Window-box 0.20 0.19 1.08 0.2792 NS
Presence of green backyard 0.43 0.15 2.88 0.0039 **
(Intercept) 0.47 0.18 2.65 0.0080 **
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abundances in the city center and green backyards.
Supplementary material related to this article can be
found, in the online version, at http://dx.doi.org/10.1016/
j.landurbplan.2014.03.009.
Table 4
Results of ANOSIMs testing for effects of urban habitat type on the composition of
the bird assemblage within 3 size classes (size 1 – sparrow, size 2 – thrush, size 3 –
pigeon) for pooled data 2010–2011; and for spring and summer separately. Urban
habitat types considered: city center (C), green backyard (B), park (P), garden (G)
and forest (F). Size similarity was quantiﬁed by Bray–Curtis dissimilarities.
Pairwise tests 2010 and 2011 Spring Summer
R P-value Sign. R P-value R P-value
C vs. B 0.051 0.001 *** 0.024 0.009 0.042 0.002
C  vs. P 0.095 0.001 *** 0.147 0.001 0.083 0.001
C  vs. G 0.264 0.001 *** 0.306 0.001 0.224 0.001
B  vs. P 0.059 0.001 *** 0.088 0.001 0.022 0.02
B  vs. G 0.198 0.001 *** 0.245 0.001 0.099 0.001
P  vs. G 0.068 0.001 *** 0.053 0.001 0.062 0.001
F  vs. C 0.119 0.003 ** 0.159 0.001 0.11 0.001ote: ‡Data presented as residuals with the study year, †Log transformed.
igniﬁcance codes: ***0.001, **0.01, *0.05, •<0.1, NS, not signiﬁcant.
n = 92, glmm z = 0.13, P = 0.21), nor between ﬂedged brood sizes and
olume [cm3] of the brood-niche (n = 97, glmm z = 0.42, P = 0.68).
.5. Diet choice
We  identiﬁed 1009 prey items by video-monitoring. The main
rey category in the city center was avian prey with 70.6% of total
iomass delivered to the nestlings (n = 63 bird individuals), fol-
owed by 28.5% rodents (n = 118). In the mixed zone prey consisted
f 30.1% avian prey, 60.0% rodents, 4.9% insects, 2.9% reptiles and
.2% earthworms. In the suburban area (soil sealing 35%) the main
rey category was rodents (98.9%, n = 155). In total, most identiﬁed
rey items on video material were insects (n = 516) with only 2.1%
iomass of prey consumed.
The most common mammalian prey was Microtus sp. (sub-
ample size: n = 84 individuals). We  identiﬁed 92 bird individuals
rom 11 species. The most common species were sparrows (Passer
omesticus, P. montanus, n = 9), followed by black redstarts (Phoeni-
urus ochruros, n = 5). We  identiﬁed 12 feral pigeons (Columba livia)
t the nest-sites in the C and in the MZ.  The most common arthro-
ods were grasshoppers, with at least 165 individuals.
.6. Distribution of avian prey
During the breeding bird survey (pooled data from 2010 and
011), we recorded 89 bird species (n = 1511 point-count-units, 75
pecies in 2010 and 80 species in 2011).
The composition of birds (grouped into three deﬁned size-
lasses) as potential prey differed between urban habitat types as
ndicated by ANOSIM analyses using Bray–Curtis dissimilarities to
uantify differences in the composition of avifaunal size class dis-
ribution between census points (Table 4). Glms testing for effectsof habitat, season and year on the abundance of birds of different
size-classes indicated that abundance in all three size-classes was
most strongly affected by habitat (Supplementary Material 6). The
abundance of sparrow-sized birds in spring was lowest in the city
center and increased toward green backyards, parks, gardens and
forests. During the kestrel’s breeding season abundance remained
relatively low in the city center (Fig. 3). Also blackbird-sized birds
showed lowest abundances in the city center in both seasons. In
pigeon-sized birds we found the opposite pattern with highestF  vs. B 0.081 0.007 ** 0.098 0.007 0.049 0.031
F  vs. P −0.046 0.941 NS −0.053 0.955 0.002 0.439
G  vs. F −0.025 0.756 NS −0.024 0.709 −0.021 0.722
Signiﬁcance codes: ***0.001, **0.01, *0.05, •<0.1, NS, not signiﬁcant.
P. Sumasgutner et al. / Landscape and Ur
Fig. 3. Effects of habitat type (C – city center, B – green backyard, P–park, G – gar-
den, F – forest) and season on the mean number (least-squares mean ± 95% CI) of
sparrow-sized, blackbird-sized and pigeon-sized birds counted at census points in
two  different years.
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T. Discussion
.1. The link between landscape composition, nest occupation
nd breeding success
Our results indicate a trade-off between higher nest-site avail-
bility in the center and longer distances to larger foraging grounds,
aking avian prey the main prey category and lowering repro-
uction rate. Factors such as the city size, the urban landscape
omposition and the historical building structure affect urban bio-
iversity, determining the availability of prey for raptors and thus
he habitat quality. We  did not ﬁnd a factor discriminating between
est success and failure on the macro-habitat scale, but PC3 (high
ercentage of ﬁelds, low forest cover) was connected to larger
edged brood sizes in all years, clearly favoring suburban areas in
espect to breeding success.
.2. Nest-site choice and breeding performance
The density of the Viennese kestrel population can be explained
y the diverse building structure in the historical center, resulting
n high nest-sites abundance, indicated by the preference for breed-
ng in roof-openings. Breeding in close vicinity to green backyards
as linked to earlier laying dates, greater clutch size, and higher
atching rates leading to signiﬁcant larger ﬂedged brood sizes.
his indicates that the immediate nest surroundings inﬂuenceban Planning 127 (2014) 94–103 101
breeding success, thus we hypothesize that kestrels hunt in the
vicinity of their nests. Nonetheless, the inner-city habitat in gen-
eral, with longer distances to larger green space, proved to be
less productive, with smaller ﬂedged brood sizes, than suburban
areas.
A high degree of urbanization is known to be unfavorable for
many passerines (e.g. Chamberlain et al., 2009; Solonen, 2001) and
also for raptors, with the exception of kestrels (Sorace & Gustin,
2010). Our results indicate that the historical center of Vienna offers
numerous nest-sites, albeit unfavorable conditions for successful
breeding. Hence, our ﬁndings alter previous results substantially
by broadening the focus from breeding density and success to
including habitat use versus habitat availability and the inﬂuence
of landscape features and building structure on breeding parameter
separately.
4.3. Brood-niche structure and conservation concern
Currently, most kestrels in Vienna breed on buildings in the cen-
ter, whereas artiﬁcial nest-boxes are rare. But, kestrels are facing
a diminishing number of nest-sites on inner-city buildings due to
widespread renovation; a trend also documented in other cities,
such as Paris, France (Malher et al., 2010) or Bardejov, Slovakia
(Mikula et al., 2013).
Our detailed results on nest-site availability (random build-
ings) and breeding performance in different urbanized areas show
that kestrels are drawn to the center by available brood-niches,
but suffer lower breeding success when breeding in roof-openings
than their suburban conspeciﬁcs in nest-boxes and even in open
window-boxes. A nest-box program in Vienna is strongly recom-
mended, if only to offer alternative nest-sites to those recently
lost; also these boxes should be concentrated in suitable habitats,
namely suburban areas, to prevent creating potential ecological
traps (reviewed in Battin, 2004; Kokko & Sutherland, 2001; Kristan,
2003; Robertson & Hutto, 2006; Schlaepfer, Runge, & Sherman,
2002). The positive media coverage, which helped build the nest-
site database for our study, ensured public support for the project
and will no doubt facilitate any conservation related efforts in
the future. Conservation efforts in cities should preserve condi-
tions such as habitat heterogeneity, availability of food sources and
suitable nest-sites in buildings, all of which beneﬁt species of con-
servation concern. Kestrels are in moderate continuing decline in
the European Union, categorized as SPEC 3, a Species of European
Conservation Concern (see Pople and Zoest, 2004). Therefore, also
urban populations ought to become the subject of conservation
efforts. Early action is needed to prevent the Eurasian kestrel from
following the same trend as the American kestrel (F. sparverius),
which also inhabits urban habitats yet is facing an alarming decline
(Smallwood et al., 2009).
Comparing reproductive data from nest-boxes and natural nest-
sites has shown larger clutches in nest-boxes (López et al., 2010),
which is to be expected from a nest-box program. An important fac-
tor inﬂuencing breeding success may  also be the size of the brood
niche (Carrillo & González-Dávila, 2009). Though we measured
every breeding-cavity, we could not ﬁnd a correlation between size
and number of eggs. This is in line with studies on kestrel nest-box
size and orientation, neither showing an impact on clutch size or
number of ﬂedglings (Valkama & Korpimäki, 1999). It is likely that
kestrels in Vienna have already adapted their clutch sizes to a less
productive urban environment (smaller clutches in crow nests on
inner-city facades, but not in tree broods in the SA). Comparable
ﬁndings are known from northern populations, where kestrels cope
with ﬂuctuating food-conditions (three year vole cycle) by reduc-
ing the number of eggs under low prey abundance (Korpimäki &
Wiehn, 1998).
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.4. Diet choice and distribution of avian prey
The large home ranges of raptors can extend beyond urban
oundaries (Chace & Walsh, 2006), yet considering kestrels’ high
eproductive potential (4–6 chicks) may  render long distance hunt-
ng ﬂights inefﬁcient, especially in a large metropolis. Thus, they
ely on food sources available within the urban setting and shift
rom small mammals as main prey category to passerines. This
as shown in kestrels’ diet choice analyzed based on pellets
Sumasgutner et al., 2013) and video-monitoring. Kestrels arrive
n Vienna before pair formation in March, occupying the city exclu-
ively during breeding season. We  found a signiﬁcant preference of
rban breeding kestrels for nesting on buildings with green back-
ards. The value of small urban greenspaces for birds has been
hown in Mexico (Carbó-Ramírez & Zuria, 2011), and may  also
ffer a high prey density for urban raptors. Comparable, our breed-
ng bird survey revealed higher densities of sparrow-sized birds
t point-counts in yards and parks than in areas with expansive
mpervious surfaces.
. Conclusion
Considering the fact that kestrels are drawn into the center
ue to the high availability of breeding cavities, yet breeding suc-
ess being generally low and numerous nesting cavities being lost
ecently, we recommend planning a nest-box program for subur-
an areas of Vienna. Our results for ﬂedged brood sizes and the
istribution of avian prey suggest nest-boxes for urban breeding
estrels to be installed on buildings in the vicinity of larger green
pace. Vienna offers ample city parks and a green belt along the
iver Danube. Additionally, suburban areas should be of special
nterest, as they offer favorable hunting grounds but lack adequate
est-sites.
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